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f(ξ, t) = kATP .ICaTnC≥C̄ .Iξ∈[0,1],
g(ξ, t) = α|ε̇c| + kSR.ICaTnC<C̄ + kATP .ICaTnC≥C̄ .Iξ /∈[0,1].
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kc(t) = k0
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τ̇c = kcε̇c − (α|ε̇c| + |u|)τc + σ0|u|+, τc(0) = τc0 ,
k̇c = −(α|ε̇c| + |u|)kc + k0|u|+, kc(0) = kc0,
σc = d(εc)(τc + kcξ0) + µcε̇c,
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è.æaæ>â<ó#éí½áðé#ñ Lâ<ìå>é#åaì½ñ#Ìî&áðê½êáðòlèí«áðâ.éâ<ó#ñ<çíeí«â±ê«èí«áðêG #
∂W v
∂Ė
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Û    ×  
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V (t)
í½ç#å 	.â<ïðó#ä(åâí«ç#å 	<åaé_í½ì½áãæ>ïðå±æ>è	KáÃí #qèíÊèñ<á 	<åaéqí½áðä(å
t
1î#ó&ì½áðé&ñØáãê½â	<â<ïãó#ä(åaí«ìáðæNò&çlè.ê½åaê Âåç#è	.å
V̇ (t) = 0  é#è.äåaï$#]èæaâ<é#êí½ì«è.áãéíí½â 'å(å>é Lâ.ì½æ>åaî â.éqí½ç#å(í½áðêê½ó#å±î#áãê½ò#ïðè.æ>åaäåaé_í½ê
 èé#îRí½ç#åzáðéí«åaì½élèïgò#ì½åaê½êó#ì½å Pv æaâ<ì½ìå>ê½ò)â<é#î&ê±í½âÌí«ç#å  ]è.ñ<ì½è.é#ñ<å~äNó&ïãí«áãò#ïðáãå>ìè.ê
ôê½âKæ>ádèí«å>î eáãí«çØí«ç#áãêæaâ<é#êí½ì«è.áãéí
yà #Øæaâ<éí«ì½è.êíWî#ó#ìáðé#ñé#â<éô,áðê½â	.â<ïðó#ä(åaí½ì½áãæò&çlè.ê½åaê
Aå#åaæaí½áðâ<é±è.é&îlïðïãáðé#ñ ! Âåçlè
	<å
Pv = Pext
eç&å>ì½å
Pext
å_ólè.ïãê
Par
â<ì
Pat
è.æaæ>â<ìî#áðé&ñí«âeç#áãæ¡çå  í«å>ìélè.ïWæaâ<ä(òlè.ìí½äåaéígæ>â.ääNó&é#áðæ>èí«åaêeáãí½ç í«ç#å	<å>éí½ì½áðæaïðå8â<ì½åaâ6	.å>ìî#ó#ì½áãé#ñNèïðïlò#çlèê½å>êÂí«ç#åáðéí«åaì½élè.ï%ò#ìå>êê½ó#ìåyñ<á$	.å>êpèÊélèí½ó#ì«èï )â<ó#é&îlè.ì-#(æaâ<é#î#áÃí«áðâ.éáãéí«ç#å Lâ<ìä
J−1(F · Σ · F T ) · ν(t) = −Pv ν
(t),
 M  !
â<éØí½ç#åÊò#è.ìíâí½ç#å Lî#åLâ.ì½ä(å>î !A)â<ó#é#îlèì-#æ>â<ìì½åaê½ò)â<é#î#áãé#ñ(í½âí½ç#åÊåaé#î#âKæQè.ìî#áðó&ä 
ν(t)
î#åaé#â.í«áãé#ñÊí½ç#åó#é#áãíô+ïãå>é#ñ.í½ç±é#â<ì½äè.ï 	.å>æaí½â<ìpò)â<áãé_í½áðé#ñ¹â<óí gè.ìî eáãí½çìå>êò'åaæaígí½âí«ç#åí«áãê½êó#å
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+é â<ó#ìÂê½áðä(ò#ïãá+låaî 	Káðå0âWí½ç#å#ïãââKîÕæaâ<ä(òlè.ìí½äåaéí«ê påyä(âKî#å>ïlí«ç&åâ<ò)å>é#áãé#ñNèé#îæ>ïðâ.ê½ó#ìåÒâyí½ç#å	è.ï 	<å>ê  #Ðìå>ïðèí«áãâ<é#ê(ê½áðä(áðïðè.ìí½â í«ç&â<ê½åÌèì½áðêáðé#ñqáðéRí«ç#å áðñ.é#â<ì½áãé#áæ>â<éí¡èæaí¹ò#ìâ #ïðåaä  lâ<ìè äâ.ì½åî&åaí¡èáðïðåaî ä(âî#åaïðáãé#ñÕâ"í½ç#å	è.ï$	.åNä(å>æ¡çlè.é&áðæ>êWê½åaåáðé òlèìí«áãæ>ó#ïðè.ì&.   5  6èäåaï$# pæ>â<é#êáðî#åaì½áãé#ñ í½ç#å #ïãââKî #â6 ïãåQè
	Káðé#ñÔè 	<åaéí«ì½áãæ>ïãå
q = −V̇
Âå eìáãí½å



q ≤ 0
eç#å>é
Pv = Pat
lïðïãáðé#ñ !
,
q = 0
eç#å>é
Pat < Pv < Par
Láðêâ6	.â<ï+Hò#çlè.êå>ê"!
,
q ≥ 0
eç#å>é
Pv = Par
Aå#åaæaí½áðâ<é !
.
 M  !
1âpå0	<åaìlì½åaïdèí½áðâ<é  M  !"áðêé#â.íÂì½åañ<ó#ïdèì_ç#å>é&æ>åyáÃíÂáãêÂé&â.ípò&ì«è.æÿí«áðæ>è.ï Lì½â<ä èæ>â<ä(ò#óôí¡èí½áðâ<élèï'ò)â<áðéíâ 	Káãå{è.é#îzèNì½åañ<ó#ïðè.ì½á >å>î 	.å>ìê½áðâ.éáãêgé#åaå>î#åaî Lê½å>å 1áðñ  ô  !0 9 å
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í«ç_ó#êáðé#êí«åQèîó&ê½å



q = Kat(Pv − Pat)
eç#å>é
Pv ≤ Pat,
q = Kp(Pv − Pat)
eç#å>é
Pat ≤ Pv ≤ Par,
q = Kar(Pv − Par) + Kp(Par − Pat)
eç#å>é
Pv ≥ Par,
0 3 !
eç#áðæ¡çáðêî#åaò#áðæÿí«åaî # í«ç&åêâ<ïðáãî~æ>ó#ìG	<åáðéHáãñ  ô    ç#áãêêG#Kêí«åaä î#å#é#å>ê
q = f(Pv, Par, Pat),
0 M !
élè.ä(å>ï$#"í«ç#å #ïãââKî lâ èêèÌìå>ñ<ó#ïðè.ì Ló#é&æaí«áãâ<éoâí«ç#åzò#ìå>êê½ó#ìå>ê(áðéoí«ç#å í½ç#ì½åaåæ>â<ä(òlè.ìí«ä(å>éí«ê4ó&ì½áðé&ñÌå#å>æÿí«áãâ<éRè.é#î lïãïðáðé&ñ 0 3 !¹æ>â<ìì½åaê½ò)â<é#î#êGí«âÌïãáðé#å>è.ìïðè
eê
eç#å>ìåí«ç#åæ>âKå  æaáðå>éí½êè.ì½åì½åaïdèí½å>î±í«âí«ç#åì«è.î#áãó#ê$â í½ç#å	è.ï 	<å>êêå>å7.   
 5  ó&ì½áðé&ñí«ç#å áãê½â	<â.ïðó#ä(åaí½ì½áðæzò#ç#è.ê½åaêí«ç#åØæ>â<é&êí«ì½è.áðéí  
q = 0
"áðêì½åaïdè  å>îó#ê½áãé#ñÔìå>ïdèí«áðâ.é
q = Kp(Pv − Pat)
eáãí½ç
Kp
äó#æ¡çoê½äè.ïðïãå>ìí«ç#è.é
Kar
è.é#î
Kat
 eç#áðæ¡çæ>è.é )åáðéí«åaì½ò#ìåaí«åaî è.êeè±ò)å>élè.ïãá>èí«áãâ<é êí½ì«èí½å>ñ#
 
	

Pv
   
Pat
  
Par
Par
Pat
q = −V̇v
Pv
   
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Par
è.ïðâ<é&ñ±í½ç#åæQè.ìî#ádè.ææ#Kæ>ïãå $éå  í«å>é&ê½á$	.åzïðáãí½å>ì½èí«ó#ìå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äâKî#åaïðê Âå>ì½å lìêí$ò#ìâ<ò'â.ê½å>î  # ' 1è.ïðåaêáðé M 6   Nè.é#î Ló&ìí«ç&å>ìgî#å0	<åaïðâ<ò)å>î  #  %ì½è.é (áðé M    ,lâ<ìÂäâ.ì½åî&åaí¡èáðïðåaî áðé Lâ<ìôäÕèí½áðâ<ézèé#îØìåLåaì½å>é&æ>å>êâ<é 9 áðé#î .å>êê½åaï4ä(âKî#å>ïãê Âå¹ì½åLåaìí«â±å ñ  .10   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
 5 +éâ.ó#ìê½áãäNó#ïdèí«áðâ.é#ê Âåó#ê½åaîí½ç#åyí«ç#ìå>åZô+å>ïãå>ä(å>éí 9 áãé#î .åaê½êå>ï]äâKî#åaï î#åaò#áðæÿí«å>îzáãéHáðñ<ó&ì½å 6   ç#åæ>â.ì½ì½åaê½ò)â<é#î#áãé#ñ±ò#ì½åaê½êó#ì½åZô lâTìå>ïdèí«áðâ.é~ì½åQèî#ê
CṖar +
Par − Pve
Rp
= (1 +
Rc
Rp
)q + RcCq̇,
020!
eç#å>ìå
Pve
î#åaé#â.í«åaêGí«ç#å 	<åaé#â<ó#ê(ò#ìå>ê½êó#ì½å  ç#áðê±ì½åaïdèí½áðâ<éÔáðêGâ<é#ï # 	è.ïãáðîoî#ó&ì½áðé&ñå#å>æÿí«áãâ<é 4élè.ä(å>ï$#eç#å>é
q > 0
2ó#ìáðé#ñáðêâ6	.â<ïðó&äåÿí«ì½áãæNò#çlèê½å>êè.é#î 	<åaé_í½ì½áãæ>ó#ïðè.ì
lïðïãáðé#ñ è.ìí«å>ìádè.ï ò#ì½åaê½ê½ó&ì½åáðêáðé&êí«å>è.îî#å>êæ>ì½á$'åaî  #
CṖar +
Par − Pve
Rp
= 0.
0   !
6â.í½åNí«çlèí Âå±ó#ê½åGí ÂâØêó#æ¡çqä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+é Háãñ<ó#ìå 6í«ç#åè.ìì½âeêLâ<ì
C
è.é#î
Rp
áðé#î#áãæQèí½åí«ç#èíeí«ç#åaê½å _ólè.éí«áÃí«áðåaêeæQè.éè.ïãê½â 'å 	è.ìáðå>î~í½âè.æ>æaâ<ó#éíLâ.ìé#å>ìG	<â<ó#êê-#Kêí«å>ä ìå>ñ<ó&ïdèí½áðâ<é 
Rp
Rc
C
q
Par
Pve
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